Abstract. This study in the domain of statistics compares four information presentation formats in a 2 × 2 factorial design: timing of supportive information (before or during task practice) × timing of procedural information (before or during task practice). Seventy-two psychology and education students (7 male and 65 female; mean age 18.5 years, SD = 2.85) participated. The effectiveness of the learning material was measured by test performance. The instructional efficiency was measured by a combination of mental effort during practice and test performance (i.e., a high test performance combined with a low mental effort during practice denotes a high instructional efficiency). ANOVA showed a main effect for timing of supportive information: presentation during practice led to more efficient learning than presentation before practice. Moreover, an interaction effect was found. Simultaneous presentation of procedural information before and supportive information during practice led to the most efficient learning.
Introduction
In the 1960's and 1970's, meaningfulness came to be seen as a key factor in learning and remembering. According to Johnson (1975) , 'meaningfulness is potentially the most powerful variable for explaining the learning of complex verbal discourse ' (pp. 425-426) . Learning is meaningful if learners can relate new learning tasks to their existing cognitive structures (Novak 1984; Novak and Gowin 1984; Williams and Cavallo 1995) . In other words, the more that new learning can be associated with what is already known and with available cognitive schemata (i.e., existing knowledge structures such as conceptual, causal and functional models) the better it will be learned. This can be accomplished by making sure that the new information is both deeply and richly processed, since superficial similarities are not likely to lead to proper encoding.
In education, meaningful learning can be accomplished by preparing the learner for the learning tasks that are to come, for example, with the aid of advance organizers (Ausubel 1963; Ausubel and Robinson 1969; Mayer 1979) . In other words, education should create a proper context within which the students can efficiently and effectively elaborate on already available cognitive structures before they start working on the learning tasks. This elaboration process is very time consuming. Therefore, in practice, a trade-off between time effectiveness and level of elaboration often has to be made.
More recent theories of learning stress the importance of instruction situated in meaningful knowledge-rich contexts, above all taking place in an interactive environment (Koschman, Myers, Feltovich and Barrows 1994; Derry and Lesgold 1996; Salomon and Perkins 1999) . Within these contexts, the learner receives or actively seeks the information necessary to carry out the learning tasks at the moment the information is required. A potential problem in such contexts is that the learner must simultaneously carry out a learning task and process the necessary information, which could prove too taxing to the processing capacity of working memory. The fact that human working memory is limited is well accepted (Baddeley 1992; Miller 1956 ). Once the limits are reached, performance deteriorates (Chandler and Sweller 1991; Sweller 1988; Sweller, Van Merriënboer and Paas 1998) . When task relevant information is presented simultaneously with the execution of the learning tasks, the risk of overloading working memory is present. The success of this approach, thus, depends on the optimal loading of the information-processing capacity of working memory. In this study, an attempt is made to design learning material with an optimal balance between the time effectiveness of the elaboration process and the level of working memory load by presenting the right information just in time.
So, which information should be presented when? To acquire a complex cognitive skill, the learner needs to master a series of (sub) skills, which are often different in nature. The performance of some skills is consistent across problem or task situations while the performance of other skills is highly variable over problem situations (Fisk and Gallini 1989) . The different nature of these (sub) skills implies a difference in information necessary to master them. To design the learning material properly, a skill decomposition, a task analysis, and a knowledge analysis have to be carried out to identify these types of (sub)skills and accompanying information.
When statistics is considered, the domain of this study, a distinction can be made between skills concerned with the application of formulas (consistent skills) and skills concerned with when to apply which formulas (variable skills). To master the correct application of formulas, procedural information about the exact form of the formula and definitions of the elements in the formula is needed. For example, this study uses Chi-square tests and to calculate Chi-square the following formula is needed:
2 /e in which χ 2 stands for Chi-square, o for observed frequency, and e for expected frequency. To master the skills that allow students to make the right choice as to whether the Chi-square test can be used, supportive information is needed about statistical testing in general and circumstances under which a Chi-square test is called for.
Mastering variable skills requires constructing general schemata in long term memory, which can be used in different problem situations. This construction involves a process of mindful abstractions from concrete experiences, that is, elaboration (Proctor and Reeve 1988) . Mastering consistent skills requires the forming and automation of domain specific schemata used in similar problem situations and is accomplished through proceduralization (Anderson 1993 (Anderson , 1996 . For proceduralization to occur, relevant information has to be active in working memory when the skill is practiced. The underlying cognitive processes of the variable skills and consistent skills imply that both information types require different optimal moments of presentation.
To facilitate the elaboration process, supportive information should be presented before practice, so that the learner has the opportunity to embed new information in already available cognitive structures. Procedural information, on the contrary, should be presented during practice in order for proceduralization to occur (Kester, Kirschner, van Merriënboer and Bäumer 2001) .
This view is supported by instructional guidelines based on Cognitive Load Theory (Sweller 1988) . This theory examines the complex interactions of long term and working memory and its relationships to schema construction and schema automation (Sweller 1999) . It places particular emphasis on the outcomes of this cognitive architecture for instruction and in particular the limitations of working memory and its effects on learning, which concentrates predominantly on the limitations of working memory. According to Cognitive Load Theory, different types of cognitive load are imposed on the learner by the learning material: intrinsic load (i.e., the load associated with the content of the learning material) and extraneous load (i.e., the load associated with the instructional features of the learning material).
Intrinsic cognitive load is inherent to the learning material itself and is determined by the element (i.e., anything that needs to be learned, for instance, schemata) interactivity in the material and the expertise of the learner (e.g., it is high for learning material with high element interactivity and/or learners with low expertise). Learning material with high element interactivity demands simultaneous processing of several elements in working memory while material with low element interactivity allows for serial processing of several elements (Sweller et al. 1998) . For example, processing the supportive information in this study has a high element inter-activity because in order to decide which statistical test is appropriate under specific circumstances, the learner has to simultaneously process and evaluate features of different statistical tests in working memory so as to make the right decision. Processing the procedural information, on the contrary, has a low element interactivity because in order to calculate Chi-square, for example, the learner has to serially process several mathematical operations in working memory. It has to be noted however that to understand the entire procedure of Chi-square testing each mathematical operation has to be related to one another which is in fact a task high in element interactivity. The element interactivity especially has implications for the timing of supportive information during the acquisition of a complex skill. The intrinsic load associated with processing the supportive information is higher than the intrinsic load associated with processing the procedural information. Therefore, it is assumed that it is better to present supportive information apart from procedural information and practice problems, so that, all working memory capacity can be allocated to processing the supportive information and thus elaboration, at that point in time.
Extraneous cognitive load is caused by the instructional features of the learning material and refers to all the processes a learner engages in, during a task, which are not directly beneficial to learning (e.g., searching for relevant information sources). Extensive research (Cerpa, Chandler and Sweller 1996; Chandler and Sweller 1991; Chandler and Sweller 1992; Chandler and Sweller 1996; Kalyuga, Chandler and Sweller 1999; Mayer and Anderson 1992; Mayer and Moreno 1998; Mayer and Sims 1994; Sweller and Chandler 1994) has shown that an effective way to minimize extraneous cognitive load is to avoid split-attention, which arises when a learner has to mentally integrate several sources of mutually referring information (e.g., a picture and its explanatory text) in order to understand the learning material. By integrating the different sources of information spatially or temporally, splitattention is prevented and learning is facilitated. In general, with a given intrinsic cognitive load, the extraneous cognitive load should be minimized by instructional design (Sweller et al. 1998) . When this is accomplished, all cognitive capacity can be allocated to relevant learning processes, which will facilitate the mastering of variable skills (or general schema construction) and consistent skills (or domain specific schema automation).
In this study, the procedural information (e.g., the calculation procedure of expected frequencies for one sample) and the practice tasks (e.g., calculation of expected frequencies for one sample) are mutually referring. The procedural information could be applied to the practice tasks while the practice tasks rely upon the procedural information. Therefore, procedural information should be presented during practice in order to avoid temporal split-attention. As a result, relevant information is active in working memory when the skill is practiced which facilitates proceduralization (Van Merriën-boer, Kirschner and Kester 2003) . Moreover, proceduralization frees up cognitive capacity during practice that can be used to understand for example, the entire procedure of Chi-square testing or to adjust the constructed general schemata of for example, Chi-square testing based on experience.
Mayer and his colleagues (Mayer and Anderson 1991; Mayer and Anderson 1992; Mayer and Sims 1994) carried out several experiments which provide a demonstration of the temporal split attention effect. In the first two experiments, an instructive animation on the working of a bicycle tire pump or an automobile braking system was used to compare integrated narration and animation to: (1) successive presentation of narration and animation, (2) narration only, (3) animation only and (4) no instruction at all. It was found that integrated instruction led to better performances on relevant creative problem solving tests (Mayer and Anderson 1991; Mayer and Anderson 1992) . Similar results were found in a third experiment where an instructive animation was given on the working of a bicycle tire pump or the human respiratory system. Integrated narration and animation was compared to: (1) successive presentation of narration and animation and (2) no instruction at all. It appeared that learners in the integrated condition performed better on the problem solving test than the learners in the other conditions (Mayer and Sims 1994) . The present study investigates, amongst other things, whether temporally integrating two referring visual sources of information (i.e., text) also leads to beneficial effects on learning as described by Mayer and his colleagues (Mayer and Anderson 1991; Mayer and Anderson 1992; Mayer and Sims 1994) .
So, to support elaboration and proceduralization during complex skill acquisition in accordance with the instructional design guidelines form Cognitive Load Theory it is assumed that supportive information is best presented before practice and procedural information is best presented during practice. To investigate this assumption, four information presentation formats were distinguished. First, the format that presents supportive information before practice and procedural during (i.e., elaboration and proceduralization are supported, the intrinsic load is properly managed and the extraneous load is minimized by avoiding temporal split attention). Second, a format that presents both information types before practice (i.e., only elaboration is supported, the intrinsic load is not properly managed and temporal split attention is not avoided). Third, a format that presents both information types during practice (i.e., only proceduralization is supported, intrinsic load is not properly managed but temporal split attention is avoided). Fourth, a format that presents supportive information during practice and proced-ural before (i.e., both elaboration and proceduralization are not supported, intrinsic load is properly managed but split attention is not avoided).
The effectiveness and instructional efficiency of all four information presentation formats is studied in the domain of statistics. The effectiveness of the information presentation formats is measured by test performance. Test tasks that are equivalent to the practice tasks are used to measure if the learner mastered the consistent skills, that is, is capable of using the same domain specific schemata the same way in solving equivalent test tasks. Test tasks that are very different from the practice tasks are used to measure if the learner mastered the variable skills, that is, is capable of using the same general schemata in a different way in solving transfer test tasks. The method of Paas and Van Merriënboer (1993) is used to calculate instructional efficiency scores. Instructional efficiency is determined on the basis of a combination of test performance and invested mental effort during practice. High instructional efficiency denotes higher test performance in combination with a lower investment of mental effort during practice while low instructional efficiency denotes lower test performance in combination with a higher investment of mental effort during practice.
It is hypothesized that the format that presents the supportive information before practice and the procedural information during will lead to more effective (i.e., higher test performance scores, especially for the transfer test because of richer schema construction) and efficient learning (i.e., higher test performance combined with lower investment of mental effort during practice) than the other formats. The 'supportive before, procedural during' format optimally allows for elaboration by presenting the supportive information before practice; all cognitive capacity can be allocated to process this information high in element interactivity (i.e., proper management of intrinsic load) which facilitates general schema construction and thus, mastering the variable skills. Presenting the procedural information during practice optimally allows for proceduralization; necessary procedural information is directly applied to the learning tasks hereby avoiding temporal split attention which facilitates domain specific schema automation and thus, mastering the consistent skills. Moreover, schema automation frees up cognitive resources during learning task practice that can be used to adjust and enrich the earlier constructed general schemata based on experience.
Method

Participants
Seventy-two freshman psychology and education students at the University of Gent, Belgium (7 male and 65 female; mean age 18.5 years, SD = 2.85) participated in this study. All of the participants spoke Dutch as their first language, the language in which the instruction was given. They voluntarily signed up for an introductory two-day statistics course to get acquainted with this subject. Only students who had four hours or less mathematics a week in secondary education could sign up for this course. In Belgian secondary schools, students who choose the social sciences typically have four hours or less mathematics a week. Students choosing engineering or natural sciences typically have seven hours or more. Secondary mathematics education in Belgium does not include any statistics, and thus it is reasonable to assume that all participants are novices in this domain. The first day of the course was meant to refresh mathematics knowledge and skills. This session was not included in the experiment. The second day encompassed the experiment and consisted of a mini course in Chi-square testing as an introduction to statistics.
Materials
Chi-square course. The Chi-square course was developed and presented in Mercator , an electronic development and instruction environment (Valcke, Kirschner and Bos 1999) . Mercator was also used for the math course on the first day allowing the participants to get used to navigation in this program.
The goal of the Chi-square course was to teach participants when and how to use a Chi-square test for single and multiple sample situations. The participants received 24 practice tasks divided over six topics (i.e., 4 per topic), namely, frequency tables, expected frequencies for one sample, Chi-square test for one sample, crosstabulations, expected frequencies for two or more samples, and Chi-square test for two or more samples.
Each topic is composed of supportive information, procedural information and general information that was used to 'glue' the course together (e.g., ' We have determined the observed frequency and the expected frequency, let's see if we can find significant differences between these frequencies . . .') and four practice tasks. Each topic was build up of two subsequent screens and each screen was divided in a left half and a right half. For every topic, both screens contained supportive information and/or procedural information (depending on the information presentation format) presented on the left. On screen one, this information was combined with general information presented on the right and on screen two; it was combined with four practice tasks presented on the right. The practice tasks were administered to the participants in the form of conventional problems and no feedback was given to participants about their performance. For a schematic overview of a topic in the Chi-square course see Figure 1 . A task analysis was carried out to determine which information in the practice tasks was supportive information and which was procedural. This was done in co-operation with, and checked by, an expert in the field of statistics. For example, the description of the research question, and examples of other research questions, are considered supportive information, and setting up a frequency table is considered procedural information (see Appendix for a detailed description of the supportive and procedural information that was determined).
Information presentation. The participants were randomly assigned to one of the four formats. In the 'supportive before, procedural during' format, supportive information was presented before practice and procedural information was presented during practice (n = 19). In the 'supportive before, procedural before' format, both supportive and procedural information were presented before the participants carried out the practice tasks (n = 16). The participants assigned to the 'supportive during, procedural during' format received both information types during the process of carrying out the practice tasks (n = 17). In the 'supportive during, procedural before' format the supportive information was presented during practice while the procedural information was presented before the participants carried out the practice tasks (n = 20). Figure 2 shows an overview of these four information presentation formats.
Test tasks. After completing the electronic Chi-square course, the participants had to carry out a paper and pencil test with equivalent and transfer tasks. The equivalent test tasks (12 items, that is, 6 topics × 2 items per topic) were very similar to the practice tasks. They tested whether the participants were able to independently perform the learned procedures (i.e., had formed the domain specific (automated) schemata and mastered the consistent skills). Open questions were administered in order to give the participants optimal opportunity to show they knew how to carry out the learned procedures. For example:
Make a frequency table for the variable multiple choice question when we know that 3 participants chose answer A, 11 participants chose answer B, 27 answer C and 9 chose answer D. Calculate the percentages and enter them in the table.
The maximum score on the equivalent test tasks was 36 points, one point for each item about expected frequencies (four points in total) and four points each for the other items (32 points in total). Two raters carried out the scoring of the equivalent test tasks. The interrater reliability of the two raters was 0.93 (Intraclass Correlation Coefficient). The internal consistency of the equivalent test tasks was 0.73 (Cronbach's alpha).
The transfer test was used to measure the participant's ability to recognize situations in which a Chi-square test is called for (i.e., had constructed the general schemata and mastered the variable skills). The transfer tasks (16 items) were very dissimilar to the practice tasks. Multiple-choice (MC) questions were administered to test if participants had been able to form a good mental model of Chi-square testing. These MC questions all represented tasks for which a different statistical test could be used. The participants were asked to determine whether the specific problem called for using a Chi-square test or not. For example:
Problem: A manufacturer of a particular drug claims that the drug is effective in 90% of all cases. In a sample of 200, the drug wasn't effective in 40 cases. Both the wrong answer and the answer 'I don't know' were considered to indicate that the transfer had not taken place. The maximum score on the transfer test was 16 points and the test has a reliability of 0.65 (Cronbach's alpha). A closed format was chosen because it enabled the participants to compare and distinguish between problems that required different statistical tests and to identify the proper test without having to perform these tests. After all, the participants had no prior statistical knowledge and therefore did not know how to perform any statistical test other than the Chi-square test. The sequence of the test tasks was random.
Mental effort measurement. Mental effort refers to the cognitive capacity actually allocated to meet the problem requirements. The amount of mental effort invested by participants is considered to be the essence of cognitive load, therefore, mental effort is used as an index for cognitive load (Paas 1992) . In instructional research and especially in research based on cognitive load theory a 9-point rating-scale is used to measure mental effort (Paas 1992; Paas, Van Merriënboer and Adam 1994) . Here, for reasons of comparability, the same scale was used. Mental effort was measured during practice with a nine-point rating-scale for measuring the participants' perceived mental effort (Paas 1992; Paas, Van Merriënboer and Adam 1994) . The mental effort measures ranged from very, very low mental effort to very, very high mental effort. The rating-scale was administered at fixed points during practice, namely, at the end of every topic. Participants were asked to note how much mental effort it cost them to understand the learning material and, in a second question, how much mental effort it cost them to carry out each practice task. This resulted in a total of twelve mental effort measurements. The internal consistency of these mental effort measures (Cronbach's alpha) was 0.91.
Log tool.
A log tool was used to measure the time the participants spent on the electronic Chi-square course. This tool logged the window headers and every time a header changed a timestamp was generated.
Procedure
The experiment was divided into two sessions of three hours each. The morning session involved the electronic Chi-square course and the afternoon session the paper and pencil test. Before starting the experiment, participants received instructions about the general procedure of the experimental task. They were told that the Chi-square course was being used for research purposes and that they:
• had to work independently, • were not allowed to take notes, • had to go through the Chi-square course in the prescribed order,
• were not allowed to make any adjustments within Mercator (during the math course the participants learned about certain personal adjustments that can be made in the program but these may not be used during the experiment), and • were not allowed to bring anything to the PC-classroom except for a pen and a calculator. It was made clear that they had to hand in their answer sheets when finished. Participants were allowed to ask questions before and during the experiment, but this was not encouraged. All questions about operating the electronic Chisquare course were answered. Questions about the content of the Chi-square course were not answered. In this case, participants were referred back to the information given in the course. Participants went through the electronic course at their own pace. It was possible for the participants to move back and forth both within topics and between topics.
In the afternoon session the participants were told that they had to practice what they had learned in the morning session. In fact, they received the test. It was stressed that they should not guess while answering the multiple-choice questions and that they must work independently.
Results
Test performance
Equivalent tasks. First, the scores participants obtained on the equivalent test tasks were considered. In this study, a probability level of 0.05 is used in reporting all statistical tests. ANOVA revealed no statistically significant main effects or interaction effects. Equivalent test task scores are presented in Table 1 . Transfer tasks. ANOVA revealed no statistically significant main effects for the transfer test either. The results on the transfer test are summarized in Table 1 .
Mental effort measures
The mean of the 12 mental effort measures was considered. ANOVA revealed no statistically significant main effects, or interaction effects regarding the mean mental effort. For an overview of these results see Table 2 .
Instructional efficiency
Instructional efficiency (E) scores were calculated for mental effort and test performance (Paas and Van Merriënboer 1993) . First, the mental effort measures and the performance measures per participant were transformed to z-scores. The grand mean is used for calculation, through which the mean z-score for every condition can be determined. These mean condition z-scores can be represented in a Cartesian coordinate system with Performance z-scores on the horizontal axis and Mental effort z-scores on the vertical axis. The line P = M through the origin of the axes indicates an efficiency of zero (slope = 45
• ). The relative condition efficiency is calculated as the perpendicular distance from a data point in the coordinate system to the line P = M (Paas and Van Merriënboer 1993) . Calculation of E is done, per participant, with the following formula:
Equal performance (P) and mental effort (M) scores yield an instructional efficiency of zero, a neutral score. When P > M, the instructional material is efficient because the mental effort is lower than might be expected on the basis of observed performance. When P < M, the material is not efficient because the mental effort is higher than might be expected on the basis of the observed performance. Efficiency measures were calculated on the basis of the equivalent test task scores and the transfer test scores (see Table 3 ). For the efficiency based on the equivalent test tasks, ANOVA revealed no statistically significant effects. For the efficiency based on the transfer test tasks ANOVA revealed a statistically significant main effect for the timing of supportive information (F (1, 68) = 6.07, MSE = 0.99, p < 0.05; η 2 = 0.082) and a statistically significant interaction between the timing of supportive and procedural information (F (1, 68) = 6.05, MSE = 0.99, p < 0.05; η 2 = 0.082). Post hoc tests, using Tukey's HSD, indicated that only the 'supportive before, procedural before' format and the 'supportive during, procedural before' format differed significantly (p < 0.05). Participants who had received supportive information during practice (M = 0.28, SD = 0.94) had higher efficiency scores than participants who had received supportive information before practice (M = -0.30, SD = 1.10). When procedural information is presented before practice, presentation of supportive information during practice yields much higher efficiency scores (M = 0.57, SD = 0.77) than the simultaneous presentation before practice (M = -0.59, SD = 1.19). When procedural information is presented during practice, there is no difference between the presentation of supportive information during practice (M = -0.06, SD = 1.03) and before practice (M = -0.09, SD = 0.99). 
Time on task
ANOVA revealed no statistically significant main effects or interaction effects regarding the total time spent on the Chi-square course. For an overview of the results see Table 4 .
Discussion
In this study, contrary to what was predicted, it was not the 'supportive before, procedural during' format but rather the 'supportive during, procedural before' format that led to more efficient learning, but only in comparison with the 'supportive before, procedural before' format. The presentation of supportive information during practice in combination with the presentation of procedural information before practice yields a higher efficiency measure based on invested mental effort during practice and the transfer test scores than the presentation of both information types before practice. Moreover, presentation of supportive information during practice is superior to the presentation of this information before practice. Participants who had the supportive information available during practice exhibited a higher efficiency based on invested mental effort and transfer test scores than participants who had received supportive information before practice. No differences between formats were found in efficiency based on invested mental effort during practice and the equivalent test scores and no differences were found in effectiveness. The participants in all formats performed equally well on the equivalent test as well as on the transfer test. How to explain these unexpected results? Why did the predicted beneficial effects of the 'supportive before, procedural during' format fail to occur? We turn first to the question of why the 'supportive during, procedural before' format was more efficient than the 'supportive before, procedural before' format. Both formats did not support proceduralization and did not avoid temporal split attention. They only differed in properly managing intrinsic load and supporting the elaboration process. Intrinsic load was properly managed in the 'supportive during, procedural before' format while elaboration was supported in the 'supportive before, procedural before' format. Based on the findings, the measures that were taken to properly manage intrinsic load did lead to more efficient learning but the measures that were taken to facilitate elaboration did not.
It seems that the students processed the supportive and procedural information differently than expected. Apparently, the 'supportive during, procedural before' information presentation format effectively prepared the learners for the practice tasks that were about to come by presenting procedural information before practice. This led to better appreciation of the meaningful context (i.e., availability of supportive information) during practice. Research by Carlson and colleagues (Carlson, Sullivan and Schneider 1989; Carlson, Khoo and Elliott II 1990) emphasizes the beneficial influence of a meaningful context during practice of procedural information presented earlier. They found that transfer test scores increased when learners were able to practice the procedural information in meaningful contexts.
The presentation of supportive information during practice provided learners with a meaningful, knowledge-rich context in which they received or could actively seek information they needed to carry out the tasks at hand. In this specific Chi-square course, the supportive information was not necessary to carry out the practice tasks, but it was necessary for a better understanding of these tasks. Apparently, when this information was presented while carrying out the practice tasks, its relevance for these practice tasks was clearer than when it was presented before the practice tasks. Presentation of supportive information during practice seemed to provide a meaningful, knowledge rich context that enabled the learners to judge this information on its own merit. They made better relations between this information and the practice tasks and therefore became more aware that they needed this information to fully understand the practice tasks, leading to more efficient learning.
Before a final conclusion is reached, we should try to explain why the predicted beneficial effects of the 'supportive before, procedural during' format failed to occur. This format aimed at properly managing intrinsic cognitive load and avoiding temporal split-attention, so that the learners could devote all their cognitive capacity to elaboration and proceduralization. However, when the mental effort results are considered, low mental effort scores for all formats were found. In every format, the mean mental effort scores never exceeded the rating 'not low, not high'. Since there is no indication that the Chi-square course exceeded working memory capacity, managing intrinsic load and prevention of temporal split attention will not have facilitating effects on the learning processes. Therefore, superiority of one of the formats over the others is not to be expected. This was true for most measures in this study namely the effectiveness (i.e., equivalent an transfer test performance), and for the instructional efficiency based on the equivalent test scores.
Further research is needed to find out under which circumstances and in which domains the different information presentation formats are successful. In this study optimal moments of information presentation were defined based on supporting elaboration and proceduralization, properly managing intrinsic load based on the element interactivity of the information and avoiding temporal split attention. However, the element interactivity of the information was not objectively measured. Future studies should address this issue. Furthermore, in statistics it was rather difficult to describe the task in terms of independent pieces of knowledge. It is probably better to choose a task in which that is not such a problem. In this study, an attempt was made to present a well rounded statistical practice task, but every topic in statistics elaborates on other topics and therefore it is very difficult to find strictly limited practice tasks. Moreover, in hindsight, because of the obvious interdependence of the practice tasks and the procedural information, the learners may have gotten the false notion that the supportive information was not of much relevance for the task while in fact it was meant as input for a deeper understanding of the learning material. This may have interfered with the learning process in general. Limited, well-rounded, practice tasks, in which both the importance of supportive information and procedural information is clear, might be better found in technical domains, such as engineering or mechanics, or scientific domains, such as physics.
Bearing this study in mind, it can be concluded that the 'supportive during, procedural before' information presentation format leads to more efficient learning (i.e., based on the transfer test scores) than information presentation according to the 'supportive before, procedural before' format. So, presenting all information at the same time is a sub optimal option. This is important to note because conventional classroom practices often provide students a textbook that contains all necessary information which they have to study before they start to practice. Based on the results of this study, these practices should be adjusted. Instead of presenting all information at the same time in a textbook, the necessary information should be presented just in time before and during practice. However, no differences were found in effectiveness and efficiency based on the equivalent test scores. Evidently, more research is needed to determine just in time presentation of appropriate information to help learners master complex skills.
• Description of a measurement instrument and the process of data collection.
• Definition of raw data.
• Introduction of the structioning technique, 'frequency table'.
• Definition of a frequency table (with an example). Definition of relative frequencies and the calculation procedure of relative frequencies (with an example). Description of setting up a frequency table inclusive relative frequencies (with an example).
Task cluster 2: Expected frequencies for one sample
• Description of the assumptions a researcher can have regarding a research question (with an example).
• Definition of expected frequencies and the calculation procedure of expected frequencies for one sample (with an example).
Supportive information Procedural information
Task cluster 3: Chi square test for one sample
• Introduction in which the question is raised: 'How to decide whether differences between observations and expectations are significant or not?' A description of statistical testing, differences between parametrical and non-parametrical tests and the Chi-square test for one sample (with examples).
• Definition of the quantity Chi-square.
• Description of the interpretation of the value of Chi-square.
• Calculation procedure of Chi-square (with an example). Introduction Chisquare table and an explanation of how to use it (with an example). Definition of the calculation procedure of the degrees of freedom, the critical values and how to interpret them (with a example).
Task cluster 4: Cross tables
• Introduction of the structuring technique, cross tables (with an example).
• Definition of a cross table.
• Description of the relations that can exist between variables (with an example). Introduction of the relative frequency.
• Calculation procedure of the relative frequency. Definition independent and dependent variables.
• Explanation of the relevance of relative frequencies (with an example).
Task cluster 5: Expected frequencies for two or more samples
• Connotation in which is stressed that the expected frequencies for two or more samples are no percentages.
• Definition and calculation procedure of expected frequencies for two or more samples (with an example).
Task cluster 6: Chi-square test for two or more samples
• Introduction in which the question is raised: 'How to decide whether two variables are related or not?'. A description of the Chi-square test for two or more samples. An explanation of how to interpret the value of Chi-square.
• The formula of Chi-square for two or more samples (with an example). Description of how to use the Chi-square table (with an example). Definition of the calculation procedure of the degrees of freedom, the critical values an how to interpret them (with an example).
